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(54) [Name of invention] ZnS : Mn related deposition material 
(57) [Summary] 

[Issue] It is to provide ZnS : Mn deposition material, which shall not generate the 
deposition abnormal particle, which shall give damage when electrode etching is applied. 
[Solving method] Concerning the surface temperature of the deposition source when the 
deposition shall be made using the heating evaporation of the material, where 'A' shall 
mean the element which generates the compound which the standard generative free 
energy is lower than MnS and 'B' shall mean the compound which generates the said 
compound or the compound which shall have the lower standard generative free energy 
than MnS, it is a compound which shall be characterized by having the composition 
formula as; 

[Chemical equation 1] 

Zn x A(i. X ) S : Mn or Zn u B v S w : Mn 

(In this case, 0<x<l, u,v and w can be any positive number), and which is the material 
for the ZnS : Mn related deposition. 

[Range of the patent claims] 

[Claim 1] Concerning the surface temperature of the deposition source when the 
deposition shall be made using the heating evaporation of the material, where 'A' shall 
mean the element which generates the compound which the standard generative free 
energy is lower than MnS and 'B' shall mean the compound which generates the said 
compound or the compound which shall have the lower standard generative free energy 
than MnS, it is a compound which shall be characterized by having the composition 
formula as; 

[Chemical equation 1] 

Zn x A(i. x) S : Mn or Zn u B v S w : Mn 

(In this case, 0<x<l, u,v and w can be any positive number), and which is the material 
for the ZnS : Mn related deposition. 

[Detailed explanation of the invention] 
[0001] 

[Technical field where the invention shall belong] This invention is concerning the thin 
film EL electro luminescent (EL) display, which shall emit by applying AC electric field, 
and especially it is concerning the ZnS : Mn deposition material, which shall be deposited 
for the emission layer. 

[0002] 

[Existing technique] A cross section figure of the common thin film EL display is shown 
in Figure 1 . It is a structure that the transparent conductive film 2 shall be created by the 
single layer of ln 2 0 3 , Sn0 2 , Zn0 2 or Sb 2 0 3 , etc., or the laminated layer of those on the 
transparent substrate 1, which is made of glass, etc., and then the emission layer shall be 
sandwiched between the insulation layer 3 and 5, which are composed of the single layer 
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or the laminated layer of the dielectric of SiN, A1 2 0 3 , SIALON, Y 2 0 3 , BaTi0 3 , SrTi0 3 , 
Ta 2 0 5 or Si0 2 , etc., and the rear electrode, which is made of the metal of Al or Mg, etc., 
or the alloy of those for the upper electrode 6 on top of them. 

[0003] Currently, zinc sulfide (ZnS : Mn), which manganese is doped, is used for the 
emission layer of the thin film EL display. This ZnS : Mn emission layer is formed by 
performing the deposition using heat such as electron beam, etc., to the ZnS : Mn of the 
molded material, the sintered body pellet or the powder material. 

[0004] At this time, it is ideal to decompose the deposition particle in to the atom level 
or the molecular level. However, in the actual case, the deposition source shall be 
evaporated at the atom level or the molecular level, it shall be deposited as the clustering 
condition, which several atoms or several molecules shall be gathered together. 

[0005] In case of the deposition of ZnS : Mn, the deposition particle of 9 and 10 
(hereinafter referred to as the deposition abnormal particle) of the larger sizes shall be 
generated beside the deposition particle of 1 1 and 12 of the normal sizes of ZnS : Mn, 
which became the atom level or the molecular level during the deposition, and those 
deposition abnormal particles shall be spattered and shall be attached to the substrate, 
which is made of glass material, etc. (refer to Figure 2). 

[0006] Also, as to the EL display, it is necessary to create each electrode parallel to each 
other at even intervals in order to create the pixels (refer to Figure 2). This process is 
normally done by the wet etching, which acid solution, etc. shall be used as the etching 
agent. Because of the reason that the width of this matrix electrode shall be processed at 
approximately 200 jam, when the size of the deposition abnormal particles exceed 30 |um, 
this deposition abnormal particle shall become the cause of an inferior such as the 
breaking down of a wire 13, etc. Therefore, the physically peeling process of such 
deposition abnormal particles by washing off with water shall be necessary, which has 
been the problem due to the complicated manufacturing process. 

[0007] Recently, in order to make the colorization of the EL display, the lamination of 
the emission layers with different colors shall become necessary. The emission layer, 
which shall be layered to the ZnS : Mn layer, is, for example, SrS : Ce and CaS : Ce. 
However, these phosphor materials shall have chemically low stability within the 
atmosphere, and also, they shall react with water and oxygen, which shall cause the 
deterioration, therefore, in the case of layering these emission layers, it is impossible to 
peel off the deposition abnormal particles using water by washing them off, which has 
been the obstruction of the colorization of the EL display. 

[0008] For example, the patent report of TOKUKAISHO 63-995 is mentioning the thin 
film emission layer, which the rare earth metal or transition metal is added to as well as 
adding at least one kind of MgS, CaS, SrS and BaS to the ZnS. This is concerning the 
composition of the emission layer of the EL display, and it is fundamentally different 
from the deposition material of this invention. Also, the purpose is to improve the 
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durability of the emission layer, which is also different from this invention, which shall 
have the purpose to reduce the deposition abnormal. 

[0009] On the other hand, concerning the TOKUKAfflEI 8-31571 public patent report, 
it is concerning the forming composition of the emission layer of the EL display, which is 
fundamentally different from the deposition material of this invention. Also, as to the 
implementation example of the said patent report, concerning the evaporation source, it 
uses a formed material which is made by a simple physical mixture of ZnS : Mn powder 
and MgS powder which is fundamentally different from the sintered body that is the form 
style of this invention, and because the evaporation pressure between ZnS : Mn and MgS 

at the temperature when performing deposition is differentrthe composition of the pellet 

shall change when time goes while performing deposition which may not be able to 
perform such deposition with a stable composition. 

[0010] Also, the chemically and the physically stable quality with not much age-based 
change shall be required in the pellet for deposition, however, if the formed material is 
made by a simple physical mixture of the ZnS : Mn powder and the MgS powder, it is 
chemically unstable and there is a possibility of not being able to maintain the stable 
condition of the pellet for deposition. Further, because the MgS generates MgS0 4 by 
absorbing oxygen and releases the oxygen when deposition is performed, the method has 
a tendency of not being able to generate a film with a high purity. 

[001 1] Also, in this case, the purpose of the addition of Mg is to improve the emitting 
luminance of red color and the green color as well as the purity of those colors, and 
therefore, also from this point, it can be discriminated clearly from this invention, which 
shall have the purpose of reducing the deposition abnormal. 

[0012] 

[Problem to be solved by the invention] The purpose of this invention is to provide ZnS : 
Mn deposition material, which shall not generate the deposition abnormal particle, which 
shall give damage when electrode etching is applied. 

[0013] 

[Method of how to solve the problems] The inventors, etc. of this invention completed 
this invention by discovering the below matters and the phenomena. Therefore, it has 
been known that when making ZnS deposition using the ZnS, which Mn compound is not 
added to, the deposition can be performed without generating the deposition abnormal 
particles. 

[0014] Although the Mn within the pellet before the deposition shall not exist as sulfide, 
it is discovered by analyzing the ZnS : Mn deposition pellet of after performing the 
deposition, that manganese sulfide (MnS) shall be generated (hereinafter referred to as 
crystallization) on the surface of the deposition pellet by the heat during the deposition 
process. 
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[0015] The inventors, etc. of this invention has discovered that there is a relationship 
between the crystallization of manganese sulfide, which shall occur during the deposition 
process, to the surface of ZnS : Mn deposition pellet, and the generation of deposition 
abnormal particles, and this invention was completed due to the recognition and the 
discovery, which is by controlling the precipitation amount of the ZnS to the surface of 
the ZnS : Mn deposition pellet during the deposition process, such deposition abnormal 
can be reduced. 

[0016] Therefore, concerning the surface temperature of the deposition source when the 
deposition shallbe made using the heating evaporation of the material, where 'A' shall 
mean"iheeiement wfficFgei^ratesl^ standard" geliefative~free 

energy is lower than MnS and 'B' shall mean the compound which generates the said 
compound or the compound which shall have the lower standard generative free energy 
than MnS, it is a compound which shall be characterized by having the composition 
formula as; 

[0017] 

[Chemical equation 2] 

Zn x A(i-x) S : Mn or Zn u B v S w : Mn 

(In this case, 0<x<l, u,v and w can be any positive number), and which is the material 
for the ZnS : Mn related deposition. 

[001 8] Concerning this, for the purpose of the element A, which shall generate the 
compound of low standard generative free energy, magnesium, calcium, cerium and 
sodium, etc. can be used. Also, for the purpose of the element B, which is the compound 
which shall have lower standard generative free energy than MnS, magnesium sulfide, 
calcium sulfide, cerium sulfide and sodium sulfide, etc. can be used. Further, for the 
purpose of the compound, which shall generate the said compound, magnesium iodide, 
calcium iodide, cerium iodide and sodium iodide can be used. Also, concerning the 
abovementioned formula, A must be 0<X<1, and when X is 0, the original emitting color 
shall not be indicated, and when X is 1, MnS shall be crystallized. 

[0019] 

[Function] According to this invention, the deposition pellet shall be composed by 
molding and sintering the ZnS : Mn, which shall be the deposition material, by adding the 
substance, which shall have lower standard generative free energy than MnS, or the 
substance which shall generate the compound which shall have low standard generative 
free energy, which is, for example, MgS, Mg or Mg compound, at the temperature within 
the ZnS : Mn, which is heated for the deposition process, which shall be approximately 
100 °C. 

[0020] The deposition shall be performed using the pellet, which is composed by the 
abovementioned method, by heating with the electron beam. The surface temperature of 
the deposition pellet of when ZnS : Mn is just about to evaporate is approximately 1000 
°C. At that time, MgS shall be crystallized and the crystallization of MnS shall be 
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controlled. As a result, the deposition abnormal particles, which shall give damage when 
electrode etching is performed, shall not generate. 

[0021] 

[Example of implementation] Herebelow, the invention shall be explained in accordance 
with the implementation examples in detail. 

Implementation example 1 

The magnesium sulfide (material available on the market, purity 99.9%) is added to the 
zinc sulfide (material available on the market, purity 99.9%) to 5 mol%, then manganese 
"sulfate (material available "oh the market; "purity 99.9%)Ts added to make0.35 at% of the - 
total trial material, then they are mixed and crushed, and press-molded, which are then 
sintered in the reduction atmosphere of 1050 °C, and each of them shall obtain a sintered 
body of the density of 2.5g / cm 3 . The composition of this sintered body was 
Zno.95Mgo.05S : Mn (0.35 at%). 

[0022] The deposition pellet, which is manufactured in the implementation example 1, 
shall be set to the holder 19, which is within the chamber 14 of the electron beam 
equipment, as shown in Figure3, and then the substrate 16, which is for creating emission 
layer, shall be set facing against this. The substrate temperature shall be maintained 
between 150 °C and 400 °C by the heating equipment, which is attached to the inside of 
the substrate holder 16. Inside of the chamber shall be exhausted using the vacuum pump 
15, and kept as the vacuum atmosphere, and the electron beam 23 of approximately 500 
to 1500 W shall be irradiated to the surface of the deposition pellet by the electron gun 
21, and when vapor of the particles began from the pellet, the shutter 20 shall be opened 
and the deposition was performed to the substrate 16. The distribution of the sizes of the 
sample deposition particles was examined. The result is shown in Figure 1. 

[0023] Implementation example 2 

The calcium sulfide (material available on the market, purity 99.9%) is added to the zinc 
sulfide (material available on the market, purity 99.9%) to 5 mol%, then manganese 
sulfide (material available on the market, purity 99.9%) is added to make 0.35 at% of the 
total trial material, then they are mixed and crushed, and press-molded, which are then 
sintered in the reduction atmosphere of 1050 °C, and each of them shall obtain a sintered 
body of the density of 2.5g / cm 3 . The composition of this sintered body was 
Zno.95Cao.05S : Mn (0.35 at%). 

[0024] The deposition was performed using the deposition pellet, which is manufactured 
in the implementation example 2, to the substrate by the same method as the 
implementation example 1. The distribution of the sizes of the sample deposition 
particles was examined. The result is shown in Figure 1 . 

[0025] Implementation example 3 * 

The metallic magnesium (material available on the market, purity 99.9%) is added to the 
zinc sulfate (material available on the market, purity 99.9%) to 5 mol%, then manganese 
sulfate (material available on the market, purity 99.9%) is added to make 0.35 at% of the 
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total trial material, then they are mixed and crushed, and press-molded, which are then 
sintered in the reduction atmosphere of 1050 °C, and each of them shall obtain a sintered 
body of the density of 2.5g / cm 3 . The composition of this sintered body was 
Zno.95Mgo.05S : Mn (0.35 at%). 

[0026] The deposition was performed using the deposition pellet, which is manufactured 
in the implementation example 3, to the substrate by the same method as the 
implementation example 1. The distribution of the sizes of the sample deposition 
particles was examined. The result is shown in Figure 1. 

[0027] -Implementation example 4 — 

The magnesium iodide (material available on the market, purity 99.9%) is added to the 
zinc sulfide (material available on the market, purity 99.9%) to 5 mol%, then manganese 
sulfate (material available on the market, purity 99.9%) is added to make 0.35 at% of the 
total trial material, then they are mixed and crushed, and press-molded, which are then 
sintered in the reduction atmosphere of 1050 °C, and each of them shall obtain a sintered 
body of the density of 2.5g / cm 3 . The composition of this sintered body was 
Zno.95(MgI 2 )o.o5S : Mn (0.35 at%). 

[0028] The deposition was performed using the deposition pellet, which is manufactured 
in the implementation example 4, to the substrate by the same method as the 
implementation example 1. The distribution of the sizes of the sample deposition 
particles was examined. The result is shown in Figure 1. 

[0029] Implementation example 5 

The magnesium sulfide (material available on the market, purity 99.9%) is added to the 
zinc sulfide (material available on the market, purity 99.9%) to 2.5 mol% and calcium 
sulfide (material available on the market, purity 99.9%) is added to the zinc sulfide to 2.5 
mol%, then manganese sulfate (material available on the market, purity 99.9%) is added 
to make 0.35 at% of the total trial material, then they are mixed and crushed, and press- 
molded, which are then sintered in the reduction atmosphere of 1050 °C, and each of 
them shall obtain a sintered body of the density of 2.5g / cm 3 . The composition of this 
sintered body was Zno.95Mgo.025Co.025S : Mn (0.35 at%). 

[0030] The deposition was performed using the deposition pellet, which is manufactured 
in the implementation example 5, to the substrate by the same method as the 
implementation example 1. The distribution of the sizes of the sample deposition 
particles was examined. The result is shown in Figure 1. 

[0031] Comparison example 

The manganese sulfate (material available on the market, purity 99.9%) is added to make 
0.35 at% of the total trial material, then they are mixed and crushed, and press-molded, 
which are then sintered in the reduction atmosphere of 1050 °C, and each of them shall 
obtain a sintered body of the density of 2.5g / cm 3 . The composition of this sintered body 
was ZnS : Mn (0.35 at%). 
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[0032] The deposition was performed using the deposition pellet, which is manufactured 
in the comparison example, to the substrate by the same method as the implementation 
example 1. The distribution of the sizes of the sample deposition particles was examined. 
The result is shown in Figure 1. 



[0033] 
[Table 1] 





Comparison 
example 


Implemen- 
tation 
eyamnle 1 


Implemen- 
tation 
examnle 2 


Implemen- 
tation 
example 3 


Implemen- 
tation 
example 3 


Implemen- 
tation 
example 5 


-0.1-to-l- -■ 
jam 


-128 

pieces 


_28 

pieces 


_35 

pieces 


41 

pieces 


-39 

pieces 


37 

pieces 


1 to 10 
Um 


56 

pieces 


16 

pieces 


24 

pieces 


32 

pieces 


27 

pieces 


23 

pieces 


10 to 30 
jam 


6 

pieces 


0 


1 

piece 


1 

piece 


0 


2 

pieces 


At least 
30 \im 
(depo- 
sition 
abnormal) 


2 

pieces 


0 


0 


0 


0 


0 



[0034] As shown in Figure 1 , as the result of the deposition by the electron beam 
deposition technique using the sintered body, which is composed by the method, which is 
mentioned in the implementation examples 1 to 5, as the deposition pellet, the deposition 
abnormal particles of at least 30 |im, which shall be the cause of the inferiorof the EL 
display, was not generated during the deposition. 

[0035] Also, as the result of the deposition by the electron beam deposition technique 
using the sintered body, which is composed by the method in the comparison example, as 
the deposition pellet, the deposition abnormal particles of at least 30 Jim, which shall be 
the cause of the inferior of the EL display, was generated during the deposition. 

[0036] Test example 

The age-based weight changes of the deposition material (sintered body) which is 
obtained by the implementation example 1 and the deposition material which is made by 
the mixture of Zn S : Mn and MgS which is mentioned in the HEI 8-31571 public patent 
report, are measured. The result is shown in Figure 4. 

[0037] From the result of Figure 4, it is clearly seen that the deposition material of this 
invention is chemically stable and has less age- based changes in the weight. 



[0038] 
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[Effectiveness of the invention] As it is explained in the above, using the ZnS : Mn 
deposition material of this invention, the deposition abnormal particle, which shall give 
damage when the electrode etching is performed, shall not be generated. 

[Simple explanation of the figures] 

[Figure 1] It is a cross section figure to indicate one example of the thin film EL display. 

[Figure 2] It is a figure to indicate the electrode stripe of the EL display. 

[Figure 3] It is an explanation figure to indicate the summary of the electron beam 

equipment. 

[Figure 4] It is a graph to indicate the weight change based on aging of each deposition 
material. 

[Explanation of the symbols] 

1: Glass substrate, 2: Transparent electrode (electrode stripe such as ITO, etc.), 3: 
Lower insulation layer, 4: Emission layer (single layer of ZnS : Mn or laminated layer of 
ZnS : Mn or SrS : Ce, etc.), 5: Upper insulation layer, 6: Upper electrode (electrode 
stripe), 7: Substrate, 8: Electrode stripe, 9 and 10: Deposition particles of larger sizes, 
which create a problem (breaking down of a wire) when the electrode etching is 
performed (deposition abnormal particles), 1 1 and 12: Smaller sized deposition particles, 
which shall not generate a problem (breaking down of a wire) when the electrode etching 
is performed, 13: Wire, which is broken down, when the etching is performed, 14: 
Vacuum chamber, 15: Exhausting pump, 16: Substrate, 17: Heating equipment mounted 
substrate holder, 18: Deposition pellet, 19: Pellet holder, 20: Shutter, 21: Electron gun, 
22: Magnet, 23: Electron beam and 24: Deposition vapor, Stream of the deposition 
particles. 

[Figure 1] [Figure 2] 



[Figure 3] [Figure 4] 

Vertical: Weight change 
Horizontal: Period of hours, 

which is left alone (hour) 

O: Deposition material of this invention 
X: Deposition material of mixing 
ZnS :Mn + MgS 



